Background: Several environmental audit instruments have been developed for assessing streets, parks and trails, but none for schools. This paper introduces a school audit tool that includes 3 subcomponents: 1) street audit, 2) school site audit, and 3) map audit. It presents the conceptual basis and the development process of this instrument, and the methods and results of the reliability assessments. Methods: Reliability tests were conducted by 2 trained auditors on 12 study schools (high-low income and urban-suburban-rural settings). Kappa statistics (categorical, factual items) and ICC (Likert-scale, perceptual items) were used to assess a) interrater, b) test-retest, and c) peak vs. off-peak hour reliability tests. Results: For the interrater reliability test, the average Kappa was 0.839 and the ICC was 0.602. For the test-retest reliability, the average Kappa was 0.903 and the ICC was 0.774. The peak-off peak reliability was 0.801. Rural schools showed the most consistent results in the peak-off peak and test-retest assessments. For interrater tests, urban schools showed the highest ICC, and rural schools showed the highest Kappa. Conclusions: Most items achieved moderate to high levels of reliabilities in all study schools. With proper training, this audit can be used to assess school environments reliably for research, outreach, and policy-support purposes.
indirectly related to environmental conditions. 3, 4 Viewed from a broad public health perspective, there are many advantages to environmental and policy strategies for increasing physical activity. 5 For example, most environmental barriers can be fixed or changed, unlike personal factors influencing physical activity such as age, race, and gender that are immutable to change. Further, environmental interventions can influence a relatively large number of people for an extended period of time.
Yet, there is an interaction between people and place. Environmental interventions can be more effective when tailored to the specific characteristics of the target population (eg, different racial and income groups, family structure, etc.) and geographical settings (eg, urban, suburban, and rural locations; school, neighborhood, and park settings). Further, built environments do not influence different types of physical activity equally. 6, 7 Among various types of physical activity, walking, especially transportation/utilitarian walking, has the strongest association with the built environment. 8, 9 Therefore, providing safe and attractive pedestrian environments around and along the routes to school appear to hold strong promise in promoting walking among children. 10, 11 Toward this end, an environmental audit instrument designed for these specific target populations (children) and target settings (schools and routes) can help assess the environmental conditions important to the target behavior (walking to school) and identify specific areas needing improvements.
Daily physical activities, such as walking to school, can help reduce health burdens among children by enabling the development of life-long active lifestyle habits. 1 In the United States, many federal and local initiatives have been implemented to increase physical activity among children, several of which specifically target active transportation to school. The Safe Routes to School (SRTS) program is a US federal-level effort, supported by a 5-year (2005-2009 ) $612 million federal fund and implemented by each state's Department of Transportation. 2 With its educational, promotional, and surveillance efforts, the SRTS program recognizes the importance of creating an environment in which children can safely and comfortably walk or ride a bicycle to school. 2 Research communities have also recognized the importance of environmental approaches, as many physical activity barriers have shown to be directly and Several audit instruments have been developed for assessing streets (eg, Systematic Pedestrian and Cycling Environmental Scan by Pikora et al; 9, 12 Pedestrian Environment Data Scan by Clifton et al; 13 The Irvine-Minnesota Inventory by Day et al 14 ) , urban alleyways (eg, The SPACES for Alleys audit tool by Seymour et al 15 ) , parks (eg, BRAT-Direct Observation by Bedimo-Rung et al 16 ) , trails (eg, Path Environment Audit Tool by Troped et al 17 ) , and urban design qualities (eg, Measurement Instrument for Urban Design Quantities Related to Walkability by Ewing et al 18 ). However, to our knowledge, no instrument has been designed specifically to capture school environments comprehensively, including the school ground as well as the frontage and nearby streets.
Study Purposes
This paper introduces a new tool designed to address the above mentioned research gap. This paper first presents the conceptual basis and the development process of this instrument that includes 3 subcomponents: 1) Street Audit, 2) School Site Audit, and 3) Map Audit. It then discusses the methods and results of the reliability assessments including interrater, test-retest, and peak-off peak hour reliability tests that are important for disseminating this tool for broader use. Like other audits, this instrument focuses on the modifiable attributes of the built environment that can be improved and managed through policy and environmental interventions.
TCOPPE School Environmental Audit Tool
The TCOPPE (Texas Childhood Obesity Prevention Policy Evaluation) School Environmental Audit Tool was developed in 2008-2009 as part of 3 Robert Wood Johnson Foundation-funded projects that involved the evaluation of elementary school environments for safety and walkability. In recognition of the lack of audit instruments targeting school environments and school transportation, this new instrument was developed based on a thorough review of existing literature and instruments. Examples of important factors often missing from the existing instruments were the design of drop-off/pick-up areas, sidewalk/crosswalk connectivity to school buildings, shade conditions (eg, trees, overhead structures), and precise locations of amenities and barriers. Pedestrians and children have more intimate and direct relationships with their surrounding environments, as compared with drivers and adults. 19 Therefore, we concluded the unit of data capture should be more precise than the street segment that has been commonly used in other instruments. This led us to incorporate map-based audits. Map audits require auditors to draw and locate individual audit items directly onto the map audit page that was prepared with an aerial photo background image.
It is important to note that the environmental audit is not a single method that can capture all potential correlates of walking/bicycling to school. Audits tend to focus on the microscale built environmental items that are usually not available from existing datasets such as Geographic Information System (GIS) data and aerial photos. The TCOPPE School Environmental Audit Tool also focuses on the street-level and ground-level detail. Macro-scale environmental correlates of walking/bicycling to school, such as distance, [20] [21] [22] [23] [24] population density, 22, 25 and street networks, 24 are difficult or impossible to capture using audits but easily computed in GIS. Aerial photos can also offer useful information on the mesoscale environmental features, such as building footprints, driveway locations, etc., that may not be available in GIS.
Instrument Components
Conceptual Framework. The conceptual framework used for the initial development of the instrument was the Behavioral Model of Environment (BME), a spatial model used to conceptualize and organize built environmental factors related to outdoor physical activity such as walking and bicycling. 26, 27 The BME includes 3 main constructs: 1) "Origins-Destinations (OD)" indicating points of departure and arrival for an activity like a walking trip; 2) "Routes" connecting origins and destinations; and 3) "Areas" indicating general environmental characteristics (eg, density, land uses) around origins/destinations. Because walking to/from school is a utilitarian behavior with predetermined points of origin and destination, the "route" and "area" components, such as sidewalks, distance, neighborhood location/setting, neighborhood income, and population density, have been shown to play a stronger role compared with the "origin/ destination" component. 25, 28, 29 Most audit tools focus on the route-related elements, as most of the area and some of the OD variables can be captured more easily in GIS.
Instrument Components. The school audit tool is composed of 3 subcomponents: 1) Street Audit (2-5 pages) for assessing school frontage and nearby access streets, 2) School Site Audit (1 page) for assessing building exterior and outdoor environments within school property, and 3) Map Audit (4 pages) for assessing key street variables requiring precise locations. The audit streets are selected based on being either the frontage streets (abutting the school property or the streets around the block that includes the school property) or the main access streets linking to the frontage streets. A "street segment" is typically a section of a street between 2 intersecting streets. Exceptions are when the roadway or roadside conditions change dramatically within the same segment. Such segments are divided into multiple segments to ensure consistent characteristics within the segment.
Individual Audit Items. "Street Audit" items focus on route-related characteristics, including land uses, street and traffic characteristics, signage, amenities, and signs of social disorder (Table 1) . Land uses are usually considered part of the OD component; however, for our purpose, land uses along the street segments are more important for characterizing the roadside environments .
when children walk/bicycle to school and are, therefore, considered part of route characteristics. Perceptual rating items (measured with a 5-point Likert-type scale) including maintenance, visual quality, cleanliness, safety, and attractiveness of the street segment, are also part of route items. These ratings are the only items requiring individual judgments, and particular attention, including in-depth discussions utilizing photographs representing varying levels of conditions, was paid during the training to ensure interrater consistencies. The Street Audit also includes the presence of various pedestrian and bicycle facilities, such as sidewalks, bike lanes, informal footpaths, landscaped buffers, and crosswalks, along with bus stops, posted signs, amenities, and unattractive items (eg, graffiti, broken bottles/cans, cigarettes, and excessive power lines).
Because the school itself is the destination for school transportation purposes, most "School Site Audit" items belong to the OD component of BME. These items include pedestrian amenities, vehicular and pedestrian entries, drop-off/pick-up area designs, recreational facilities, vegetation, abutting land uses, fence type, and sidewalk connection to school buildings. The School Audit page includes a small aerial photo with a clear delineation of school property boundaries.
"Map Audit" items focus on the route characteristics that are shown or considered to be important for children to walk or ride a bicycle to school. These include detailed locations and conditions of sidewalks, bike lanes, informal paths (off-street trails), landscaped buffers, drainage ditches, and crosswalks. Although simple check boxes on the presence or absence of sidewalks, crosswalks, bike lanes, etc. were included in the Street Audit, the detailed conditions (eg, slope, width, shade, blocking items, etc.) of those facilities, along with their precise locations and connectivity, were included in the Map Audit pages. During the pilot-testing, auditors found that it is easier to complete these detailed street-level items with the Map Audit than with the Street Audit, as the Map Audit includes similar items requiring extensive observations.
Instrument Development Process
1. Initial Instrument Development. The initial instrument was developed in the fall of 2008. Audit variables, measured by 1 or more audit items, were first selected based on their known and hypothesized associations with walking/bicycling to school or general walking behaviors from the literature, and on the review of existing environmental audit tools. 12, 13 This initial instrument was assessed by 4 auditors, including 2 graduate students from urban planning and 2 from public health, in 1 suburban school. The assessment focused on the overall length, clarity of each audit item, order of the items, instrument format, item scale, missing items, etc. In addition, comparisons were made in the accuracy and efficiency (time taken to complete the audit) between drive-through and walking audits; between field and digital (utilizing Google Earth) reconnaissance methods; and between checklist and map audit formats. Audits using walking and field reconnaissance and a combination of checklist and map audits were selected based on being most accurate while being equally or more time-efficient. Further, follow-up discussions with the auditors revealed the need for a thorough training and certification protocol to ensure reliable results. Therefore, a draft manual was developed during this phase, focusing on those items that required clarification during the audits and training.
2. Pretesting and Refinement. The pretest was conducted during the winter of 2008 in 1 urban, 1 suburban, and 1 rural school by 2 experienced auditors and 1 new auditor. This step focused on the assessment and improvement of the individual items, coding system, and applicability and reliability of audit items across schools in different community settings.
3. Pilot-Testing and Refinement. The preliminary audit instrument and full manual were developed and reviewed by all the auditors who participated in the previous tests. The revised instrument was pilot-tested in 1 urban school during the spring of 2009 by 5 auditors with diverse backgrounds and varying levels of training. The Map Audit was first introduced during this phase. The School Site Audit was further refined, and several rarely found items (eg, wheel chair lift and ramp to building entry) were removed from the audit instrument.
Final Instrument, Manual, and Training Protocol
Development. The audit instrument was finalized with the addition of a coversheet which listed important things to remember during the field audit (eg, not to enter the school property, remembering to record the audit start and end times and weather conditions, etc.) and a color aerial photo as a reference. This final instrument was tested for reliability which will be reported in the next sections. Further, a data entry template, codebook, manual, and auditor training and certification protocol were developed. The final manual document was prepared as a 71-slide PowerPoint that included item-byitem explanations accompanied by photos and diagrams. It was designed for in-class trainings but included selfexplanatory written descriptions to allow for individual reviews and self-training as necessary.
The auditor training and certification process involved a) individually reviewing the audit instrument and manual, b) attending an in-class group training session facilitated by the developers of the instrument, c) conducting a group field audit on a selected school accompanied by instrument developers, and d) successfully completing an individual and independent audit on another assigned school. This 4-step process usually takes 1 full day (8 hours) . If the individual test audit results achieve high accuracy (above 90%-95% of items perfectly matching with the answers by the development team members), the auditor is certified and qualified to conduct the audits independently. All test auditors review inconsistent items with the audit development team member(s). If the results are unsatisfactory, the auditor repeats the training process, usually from the second step, until the results achieve the satisfactory level of consistency/accuracy. The auditor is given a new test school every time he/she takes an additional test. Once certified, auditors can complete auditing 1 school (including all streets and school site) in about 1.5 hours on average.
Reliability Test Method Test Types
The types of reliability tests conducted include a) interrater, b) test-retest, and c) peak vs. off-peak hour reliability assessments. The test audits were performed by 2 trained and certified auditors, including a graduate student from urban planning and a graduate student from public health. Each audit took about 1.5 hours. The interrater reliability assesses consistency between 2 auditors rating the same schools/items. The test-retest reliability assesses consistency between the first and the second round of audits by the same person on the same school, and the time interval between the 2 audits ranged from 1-2 weeks as per general recommendation. 30, 31 In addition, to assess potential differences in the subjective rating items (5-point Likert-type items on safety, surveillance, attractiveness, etc.) when rated during the peak hours (pick-up and drop-off hours which are 15 minutes around school starting/ending time designated by the school districts) versus off-peak hours, they were assessed twice during both the peak and the off-peak hours.
Test Schools
To consider diverse community settings, a total of 12 schools, 4 from each of the 3 geographical settings (urban, suburban, and rural), were chosen (Table 2) . Two higher income and 2 lower income schools were selected from each setting, based on the percentage of students receiving free or reduced price lunch. Lower income schools had greater than 66.4% and higher income schools had less than 44.2% of their students receiving free or reduced price lunch. These percentage thresholds correspond to 120% and 80% of the State mean which is 55.3% (Texas Education Agency 2009). From the 12 schools, a total of 39 street segments were identified and included in the Street and Map Audits.
For the urban settings, Houston (population: 1,953,631 persons; gross population density: 3371.7 persons/square mile) and Austin (656,562 persons; 2610.4 persons/square mile) were selected as 2 of the largest cities in Texas representing metropolitan-type development patterns (Census 2000) and as study cities for 2 research projects that partially supported this instrument development work. Two individual schools for each income group were then randomly selected. Schools representing suburban settings were randomly selected from all the schools within the Cities of Bryan and College Station, which represent typical suburban-type developments with the population of 65,660 and 67,890 persons and the density of 1515.0 and 1686.3 persons/ square mile, respectively (Census 2000). In addition, these cities are readily accessible to the research team. For rural settings, a total of 13 "micropolitan" and "noncore" counties in the central Texas region were included in the sample frame (Census 2000). A county was classified as micropolitan if the largest town in the county had 10,000 to 49,999 residents or if it had significant commuting flows to such a county. Other rural counties containing a town or towns with less than 10,000 residents were defined as noncore counties. All schools from those counties were selected and separated into the 2 income categories. Two schools from each income group were randomly selected, and they were located in 4 
Statistical Methods
Kappa statistics were used for categorical audit items and ICCs (Intraclass Correlation Coefficients) were used for ordinal and 5-point Likert-type items. For computing ICCs, a 2-way mixed model with absolute agreement and average measurement was employed in SPSS 16.0. ICC and Kappa values usually range between 0-1, with higher values representing higher stronger agreements. Values from ICC and Kappa can be interpreted differently depending on the purpose of the assessment, but generally, Kappa scores between 0.40-0.59 can be considered moderate reliability, 0.60-0.79 good, and over 0.80 outstanding agreement/reliability. 32 ICC value greater than 0.75 is generally considered good, 0.60-0.75 moderate, and less than 0.60 indicate poor reliability. 33, 34 When ICC has low/no variance, ICC can approach 1 or sometimes low scores. 31 Both "overall" and "item-by-item" tests were conducted.
Item-by-item tests involved the following steps. First, ICCs were computed for each school, each assessment round (first and second), and each auditor, separately. Second, average scores were calculated for urban, suburban and rural schools, after excluding 0 or minus scores resulted from lack of variations in certain ratings. Third, each item's overall average ICC was computed from the average scores of urban, suburban and rural schools. Due to space limitation and the large number of individual items, only the mean values are reported for the item-by-item tests. The minimum and maximum values are reported along with the mean for the overall reliability test.
Reliability Test Results

Overall Test
1. Interrater Reliability. Overall, interrater reliability test results were moderate (ICC = 0.602) to excellent (Kappa = 0.839) with an exception of the ordinal and perceptual (Likert-type scale) items for the rural schools (ICC = 0.551) which scored the lowest, likely due to the greater heterogeneity typically found in rural environments than in urban settings (Table 3) . Kappa values for all settings (urban, suburban and rural) achieved excellent levels of reliability (>0.800). As expected, ICC values were lower than Kappa values, as ICC items were used for perceptual qualities, such as safety, attractiveness and surveillance, while Kappa tests were employed for factual items, such as presence of specific environmental elements and conditions.
Test-Retest Reliability.
Overall test-retest reliability was good (ICC = 0.774) to outstanding (Kappa = 0.903). For both Kappa and ICC, rural schools showed the highest test-retest reliability (contrastingly to lower interrater reliability) followed by urban and suburban schools ( Table 3 ). All schools scored at least a moderate level of reproducibility.
Peak vs. Off-Peak Hour
Reliability. This reliability test involved only the 9 Likert-type perception items from the Street Audit, because peak vs. off-peak hour assessments did not vary for the factual items. The ICC average was the highest (0.801) for rural schools (0.888), followed by urban (0.778) and suburban (0.749) schools (Table 3) . (Table 4) . ICC (perceptual rating) items were generally scored lower than Kappa (factual) items. However, based on the total average scores, all but 1 test-retest item, attractiveness in bicycling (ICC = 0.741), achieved a good reliability (>0.750; Table 4 ). For the interrater reliabilities, 3 items including both safety items and 1 attractiveness item, were good (>0.750), and the rest were moderate (>0.600). Urban schools were generally lower than suburban and rural schools. ICCs were particularly low for several urban interrater items (0.276 for cleanliness, 0.364 for street/sidewalk maintenance, and 0.471 for safety in bicycling). The main reason for such low ICC scores appears to be the lack of or low variations that these items had. 31 For example, we were not able to compute ICCs for 3 out of 4 urban schools due to the lack of variations in their ratings. However, the original ratings from the 2 raters were usually no more than 1 point off in these 5-point scale items, and therefore, further testing in more diverse settings is needed to confirm the reliability of these few items.
Item-by Item Test
2. School Site Audit. All School Site Audit items were categorical items and achieved outstanding consistencies (Table 5 ). With the exception of 1 item in urban schools (ie, vegetation; amounts of tall deciduous trees, tall evergreen trees, shrubs and others, rated as none, a few/some or many), which had a Kappa value of 0.783, the rest of the items achieved an outstanding level of agreement (>0.800).
3. Map Audit. Sidewalk condition items included slope, shade, width, and obstructions (holes/cracks, bumps/ uneven surface, weeds, litter, and drainage problems), and achieved good to near-perfect reliabilities (Table  6 ). Urban schools' reliability results were somewhat lower than those of suburban and rural schools. For those mapped items such as drawing of the sidewalk and bike lane locations and their connectivity to adjacent and intersecting streets, the results were visually examined and approximately 13% (with a range of 0%-50%) on average had less than perfect interrater consistency. Test-retest reliabilities achieved near-perfect agreement for all the map items. For the rest of the items that involved mapping of the locations and types of sidewalk obstacles, landscape buffers, crosswalks, and bus stops, reliability results were very high, with all but crosswalk items, yielding a Kappa of at least 0.800 (Table 7) .
Discussion and Conclusion
Findings suggest some rater-dependent variations in most items, especially in rural and suburban schools, but most items still achieved at least a moderate level of agreement in all 3 types of reliability assessments. For the Street Audit items, the test-retest reliabilities achieved higher agreements than the interrater reliabilities (Table  4) , which is consistent with prior studies. 12, 30, 31 No previous studies are available to compare results for the other items on school sites and mapped items.
This instrument and its reliability test methods have several limitations. Although efforts were made to enhance the consistency and accuracy of the instrument, several items, such as the perception items in urban schools, received lower interrater reliability scores than other items. A possible improvement strategy may be to incorporate more rigorous training protocols, such as showing more visual images during the classroom training, conducting more test audits covering diverse conditions, and performing more in-depth debriefing discussions with the auditors after the field tests. Also there were several items, such as informal footpaths, drainage ditches, and trails, which were rarely found especially around urban schools. Such items, along with those perceptual items scored low in interrater reliabilities, are potential candidates for removal in future applications. We feel more audit data are needed before making such decisions, especially when the current format was developed after multiple iterations of careful revisions and improvements, and it still yielded good reliability results. In addition, the training requirement and the time required to complete the audit (about 1.5 hours per school) may be burdensome to some potential users. However, the training protocol specified in this paper was assuming that the audit data will be used for empirical research purposes, and therefore can be simplified for other uses/purposes. Web-based resources, such as aerial photo and street view serviced by Google Maps, may help reduce time required for the field audit in certain areas. We briefly explored these options during the pretesting phase, but found it to be impossible in certain sites due to the lack of available images, and even when available, it was just as time-consuming as the field audit but with lower accuracy. But with the advancing technology and expanding availability, web-based audit methods may become more feasible in the near future. Further, the evaluation of reliability was conducted in elementary schools in Texas only, and other types of schools and communities in other locations may have different characteristics for which these results may not be applicable. Finally, the results of reliability tests could be stronger if the sample size was larger. An important consideration for using any audit instrument is that while environmental audits offer ways to quantify a wide range of environmental factors, other assessment methods are also available, including surveys and GIS. Validated surveys, such as the Neighborhood Environment Walkability Survey, 35 are available to assess people's perceptions about their environments. Due to the differences between subjective and objective assessments of the built environments, 36 it is recommended to consider both methods whenever possible. GIS is an efficient tool to analyze the built environment in an objective manner, if existing data layers, such as parcels, streets, sidewalks, bike lanes, traffic, crime, etc., are available and of high quality. GIS data are rarely available on microscale factors such as shade trees, lighting, sidewalks, and street crossing conditions, and not available on observational factors such as social disorder (eg, broken glass, graffiti) and maintenance (eg, broken sidewalks, litter), both of which are commonly included in environmental audits. Therefore, environmental audit data can be more useful when combined with GIS and/or other complementary methods such as aerial photos, surveys, observations, etc. However, the TCOPPE School Environmental Audit was designed to be as inclusive as possible without being overly complex or lengthy, to ensure wider applications in locations where other existing data sources are limited.
In conclusion, the TCOPPE School Environmental Audit Tool can provide effective and efficient assessment of streets at/around schools and school site environments, focusing on safety and walkability related to children's school transportation. With proper training, this tool can support various research, policy assessment, and community-based activities for programs like SRTS and identify modifiable environmental factors that can be improved or managed to help promote children walking or riding their bicycles to school safely. Also importantly, once more data are collected utilizing this instrument, it can be further simplified, excluding those unimportant items, and customized to prioritize items based on their relative importance in specific community types, such as rural communities, low-income communities, etc. A copy of the TCOPPE School Environmental Audit Tool and its manual can be requested by sending an e-mail to the first author of this paper.
